The chlorination of high-titania slag to give titanium tetra-chloride is of growing importance. The present work was done to study the effect of some factors on the chlorination process in presence of solid carbon as a reducing agent. The factors involve the temperature, flow rate, and particle size. A synthetic slag near in composition to the natural slag obtained from reduction smelting of titani-ferrous ores was chlorinated in a fluidized bed silicaa reactor. A pre-chlorination step was necessary to get rid of the non-volatile chlorides causing the sticking and agglomeration of fluidized slag particles.
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It was found that the temperature and flow rate of Cl2 greatly affect the chlorination rate with points of maximum effect. Different particle sizes give distinctly different conversion curves with the smaller size giving higher conversion. The energy of activation was obtained from the Arrhenius plot as 19400cal/mol. (Received April 12, 1973) The formation of volatile chlorides is an important step in the production and refining of certain metals and that the chlorination using CO as a reducing agent is much slower than when using solid C in the temperato use solid corbon as a reducing agent in the chlorination process.
The main reactions which may occur in the chlorination of TiO2 in slag are:
Most of the high-titania slag constituents (Fe oxides, MnO, CaO and MgO) are chlorinated preferably before and others (Al2O3 and SiO2) are chlorinated during the chlorination of TiO2. investigation. The chemical analysis of a representative sample of the slag is given in Table 1 . The density of the slag was determined and found to be 247 1b/ft3 (3.95g/cm3). The coke used is common metallurgical coke and its assay is given in Table 1 , and its density 1.4g/cm3. Cl2 supplied in cylinders was used as fluidizing and chlorinating gas. In order to minimize particle segregation in beds of coke and slag, due to the density difference, the particle size of coke was taken as being two times greater than that of slag. The minimum fluidization velocities of solids under different conditions were determined using the correlation of Leva et al. (13) This was due to difficulties in measuring the velocities experimentally in the different conditions. 
Procedure
The general procedure consists of fluidizing the To get rid of this phenomenon, which is highly undesirable in fluidized beds, pre-chlorination step was necessary. The pre-chlorination was found to remove most of the non-volatile chlorides.
The preabout 15min, after which the bed residue was leached (for removal of chlorides) with water, filtered,. dryed, and weighted. The amount of TiCl4 formed during the pre-chlorination stage was recorded. After that the leached residue was further chlorinated.
IV. Results
The agglomeration of fluidized solids was noticed during preliminary runs carried out on the chlorination of titanium slag. This phenomenon of sticking and agglomeration was also noticed by others (2)(14), and attributed to the formation of non-volatile chlorides such as MnCl2, CaCl2, and MgCl2. The agglomeration effect was reflected on the conversion levels obtained as being low, and this effect was severe at chlorination step, the leached residue was chlorinated. The TiCl4 collected in the pre-chlorination (averaging 25%) and chlorination steps was used in calculating the conversion. Time-conversion curves were obtained at the different conditions. The effect of temperature on the chlorination The results of changing Cl2 flow rate are plotted and shown in Fig. 9 .
A kinetic model was applied to the data at different temperatures to determine the energy of activation of the chlorination reaction. The chlorination reaction is considered an irreversible first order heterogeneous non-catalytic reaction which is temperature dependent as indicated by the results. The particle size affects the conversion and the unreacted core model(15) was From which we can get the following after (rearranging) and integrating (15): (2) where the meaning of symbols is given in the nomenclature. Equation (2) was used to calculate the reaction velocity constant k. According to the Arrhenius equation the Arrhenius plot (logk vs 1/T) is given in Fig. 10 , from which the energy of activation E was obtained as 19400cal.
V. Discussion
The chlorination process is strongly affected by the temperature involved, as can be seen from Figs. 7 and 8, and the increase of the reaction rate with temperabehaviour was observed in the investigation involving slag(4)(16) and other Ti-bearing minerals(8)(11) Three factors may be related to this behaviour; (1) the formation of CO and its amount increase (Boudward reaction) with temperature rise, (2) the tendency of solids to stick and agglomerate at high temperatures, and (3) the decrease in amount of Cl2 entering the reactor as the temperature rises so as to keep the fluidization velocity constant, i. e., a constant volumetric flow rate at different temperatures. With respect to the activation energy, similar values were obtained by Dunn (17) . The effect of Cl2 flow rate in increasing the chlorination rate is evident from Fig. 9 . The percent conversion after 1hr is plotted against Uf/Umf in Fig. 11 . There are two factors affecting in such a case. The first is a kinetic one and shows itself through the increase in amount of Cl2 available for a reaction by an increase of the flow rate. The second is a hydrodynamic one with its consequences. The increase in flow rate through fluidized solids increases the bubble formation and size, intensifies the mixing of solids and gas, improves heat and mass transfer, and increases bypassing and back-mixing. Due to these various effects, the conversion to TiCl4 may increase or decrease. All these aspects have complicated effects, but the net effect is that shown in the given curves. The general behaviour was observed by other investigators(18). Regarding the chlorination of different slag particle sizes, a plot showing this effect clearly at different temperatures is given in Fig. 12 . The smaller particle size gives a higher conversion level than the larger one. Similar behaviour was observed by other workers (19) (20) This supports the shrinking core (unreacted core) model, used in data interpretation, with surface reaction control. Fig. 12 Effect of temperature on chlorination of TiO2 in slag at different particle sizes.
VI. Conclusions
(1) The chlorination of high-titania slag, in presence of solid C as a reducing agent, depends strongly on temperature and the effect passes through a maximodel for first-order reactions was applied to determine the data, and the energy of activation was evaluated from the Arrhenius plot to be 19400 cal/mol.
(2) The conversion to TiCl4 increases with the flow rate of Cl2 and up to Uf/Umf equals 4 the hydrodynamic condition of the bed did not adversely affect the obtained conversion.
(3) Different particle sizes give clearly different conversion curves at different temperatures, with the result that the smaller size gives the higher conversion. 
